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Abstract 

Due to the nonvanishing average photon population of the squeezed 
vacuum state, finite corrections to the scattering matrix are obtained. 
The lowest order contribution to the electron mass shift for a one mode 
squeezed vacuum state is given by 5m(Q, s)/m = a(2/n)(ft/m) 2 sinh 2 (s), 
where Q and s stand for the mode frequency and the squeeze parameter 
and a for the fine structure constant, respectively. The correction to the 
anomalous magnetic moment of the electron is Sa e (s) — — (4a/7r) sinh 2 (s). 

The dependece of the scattering matrix on the vacuum state of the theory 
and on exterior parameters has been studied for the thermal equilibrium JjJ, 
in cavity-quantum electrodynamics 0, on fractal space-time support || and, 
to some extent, in the presence of strong electromagnetic fields [[|, [|. Here, 
quantum electrodynamics is investigated in the presence of squeezed vacuum 
fluctuations Q; i.e., fluctuations with reduced noise in amplitude or phase. 

The squeezed vacuum state |Q exhibits a nonvanishing average photon den- 
sity proportional to sinh 2 (s) per squeezed mode, where s is the squeeze parame- 
ter Q . This can be accounted for in the perturbation series by the introduction 
of a causal photon propagator as follows ||. Denote the squeezed vacuum by 
|sv). The photon propagator in the Landau gauge is 

Dpu(x-y) = -i(sv\T[A^x)A u (y)}\sv) 
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n{k)[e lk{x ~ v) + e - lk{x -y^] \, (1) 



(2tt) 3 2E, 

where the aa) terms generate the usual causal propagator while the aJa terms 
count the particle density in the squeezed vacuum. The propagator can be 
rewritten using contour-integral techniques 
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D, v {x-y) = J A^ e - ik ^D„ v (k) 
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For the one mode squeezed state, n(k;Q,s) = flsmh 2 (s)6(Ek — fi), where E k 
is the photon energy parameter and f2 and s stand for the frequency of the 
squeezed mode and the squeezing parameter, respectively. The electron propa- 
gator S(p) — 1/{t/> — m + ie), as well as the bare vertex 7^ remain unchanged. 
Notice however that a preferred frame of reference has been introduced due to 
the noncovariant choice of the density n(k;Cl,s), i.e., the one at rest with re- 
spect to the squeezed vacuum. The resulting breakdown of Lorentz invariance 
necessitates a careful interpretation of the usual renormalisation prescriptions. 

In what follows, the lowest order correction to the radiative mass of the 
electron will be calculated. This can be done by evaluating the second order 
contribution to the self energy of the electron 

S(p; Q, a) = -ie 2 J ^ [iD^k; Q, «)] 7 ^ _*_ ^ ■ (3) 

The physical mass is interpreted as usual as the pole of the renormalized electron 
propagator. For Sm(Q, s) <C m, 

m(fi, s) w to + Sm + E(p; 0, s) |^ =m 

= to + 6m + S(p; s = 0) |^ =m + SX(p; n, s)\^ m 

= m + 5m(Q,s) , (4) 

where to stands for the renormalized unsqueezed mass of the electron. 

The correction term Sm(Q,s) = 5T,(p; Q, s)\^_ m due to squeezing adds up 

coherently to the renormalization contributions of to. Its explicit form is given 

by 

Mn,-) = / d*k6(k 2 M k^ {p _{- 2 .j * 1^ 
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where Gordon's identity which reduces to 7 M = p^/m has been used, a — e 2 /An 
stands for the fine structure constant and 

J„(p) = [d 3 k-^-n(\k\;Q lS ) . (6) 
J |k|(pfc) 

In the rest frame of the electron this expression can be evaluated, yielding 

Sm{Q,s)/m = a(2/vr)(f7/m) 2 sinh 2 (s) . (7) 

For optical frequencies, Sm{s)/m ss 10~ 13 sinh 2 (s). 

The correction 5a e to the anomalous magnetic moment of the electron a e 
can be extracted from a decomposition of the vertex function = 7^ + on 
shell 



u(p - q)A fl u(p) = u{p - q) 
with a e = ji(iq 2 =0). To lowest order one obtains 



7M/l(<Z 2 ) + rt^"72(q 2 ) 
2m 



u(p) (8) 



The correction due to squeezing for p = (m, 0, 0, 0) and q = (qo, 0, 0, 0), q 2 <C m 2 
can be written as 

5T^(p,p;n,s) = -(lal^^I-i^I^) (10) 

7 = — — 

For a definition of a e the term proportional to cr^q 1 ' is chosen. Hence, only the 
first term proportional to Ij^ on the right hand side of (|l^) is relevant. Using 
Gordon's identity, which is 7^ = (l/2m)(2p AI — q M — ia^q") here, one obtains 
for the correction to the anomalous magnetic moment of the electron 

Sa e {s) = -{4a/n) sinh 2 (s). (13) 

This correction to the anomalous magnetic moment of the electron becomes 
comparable to the unsqueezed value a e = a/2n for s w 0.35 and increases 
rapidly as the population of the squeezed vacuum increases and should be 
testable with realistic experimental parameters. 
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